Over the past years, leishmaniases have become a public health issue in the Brazilian state of Mato Grosso do Sul, particularly in Campo Grande, the state capital. The purpose of this study was to detect the presence of Leishmania DNA in the population of phlebotomine sandflies using DNA amplification by PCR. Insect captures were carried out from 4 pm. to 7 am for 4 consecutive days each month from October 2005 to September 2006 in 16 neighborhoods located in 7 urban regions of Campo Grande. Traps were placed indoors and in the vicinity of households. As many as 971 males and 203 females were collected. One hundred and five naturally fed females were identified and grouped as 1-to 4-specimen pools. DNA extraction was carried out using whole insects. Lutzomyia longipalpis predominated, accounting for 99.15% of the phlebotomines captured. Also found was Nyssomyia whitmani, the vector of tegumentary leishmaniasis. Abundance was greatest in the vicinity of households (69.8% of the phlebotomines captured). As revealed by PCR, parasites were present in 1.9% of the Leishmania spp. specimens investigated and confirmed for visceral leishmaniasis.
Introduction
Leishmaniases-zoonoses caused by protozoans of the genus Leishmania-have been the object of considerable attention of both human and veterinary medicine . Visceral leishmaniasis is a serious chronic disease potentially fatal to humans and its lethality can be as high as 10%, unless suitable treatment is provided (Gontijo and Melo, 2004) .
In many areas, leishmaniasis involves a number of animal reservoirs, whereas in some areas humans are the only infection reservoirs, making the control of both vector and reservoirs costly and even unfeasible. The geographical distribution of the disease has changed in recent years, with cases being reported from previously non-endemic areas (World Health Organization, 2002) .
Forest clear-cuttings, associated with urbanization, have had a marked influence on vector populations and disease transmission. While some species may have disappeared, others have become more abundant (Bejarano et al., 2002) .
In the Americas, 15 New World Leishmania species, grouped into three complexes, are responsible for tegumentary and diffuse cutaneous leishmaniasis (Leishmania mexicana complex), tegumentary leishmaniasis and, frequently, mucocutaneous lesions (Leishmania braziliensis complex), in addition to the visceral form of the disease (Leishmania donovani complex) (Grimaldi and Tesh, 1993) . Eco-epidemiological studies conducted in various regions of Latin America, particularly in Brazil, culminated in the present recognition of no less than 20 named species of neotropical Leishmania, 14 of which are known to infect humans (Lainson, 1997) .
Visceral leishmaniasis has a wide distribution in Latin America, from northern Mexico to southern Argentina (Lainson and Rangel, 2005) .
Brazil harbors six Leishmania species of subgenera Viannia and Leishmania, responsible for the tegumentary disease in humans. Subgenus Viannia encompasses the species Leishmania (Viannia) braziliensis, Leishmania (Viannia) guyanensis, Leishmania (Viannia) naiffi, Leishmania (Viannia) shawi, and Leishmania (Viannia) lainsoni; subgenus Leishmania is comprised of Leishmania (Leishmania) amazonensis (Gontijo and Carvalho, 2003) . Recently, Leishmania (Viannia) lindenberg has been implicated as the etiologic agent of American tegumentary leishmaniasis (ATL) in the northern state of Pará (Brasil, 2007) .
In the southwestern state of Mato Grosso do Sul, tegumentary leishmaniasis is caused by Leishmania (Viannia) braziliensis and Leishmania (Leishmania) amazonensis (Dorval et al., 2006; Brasil, 2007) ; the etiologic agent of visceral leishmaniasis is Leishmania (Leishmania) chagasi (Oliveira et al., 2006a The development of accurate methods for identification of Leishmania species in insect vectors is central to solid epidemiologic studies and effective control measures and treatment (Harris et al., 1998; Paiva et al., 2006) .
In recent years, molecular investigations have been conducted based on the use of polymerase chain reaction (PCR) (Paiva et al., 2004) , for which an important initial reference is the genome sequence of the microorganism being investigated. The technique is used for diagnosis in humans (Silva et al., 2002) , canines , and phlebotomines (Aransay et al., 2000; Ramalho-Ortigão et al., 2001; Miranda et al., 2002; Michalsky et al., 2002; Paiva et al., 2006) .
In Campo Grande, the capital city of Mato Grosso do Sul, 92.9% of the phlebotomine sandflies captured from May 2003 to April 2005 were Lutzomyia longipalpis, the vector of visceral leishmaniasis . The county is an endemic area for this form of the disease, with 165 cases confirmed in 2006 and 11 deaths, in addition and 15 new cases of ATL notified in the same year (Mato Grosso do Sul, 2007) . The purpose of this study was to determine the relative abundance of the population of phlebotomines and the presence of Leishmania species in the phlebotomines, based on DNA amplification. 
Materials and methods

Study area
Methods of capture
Capture sites were chosen so as to cover 16 neighborhoods in the seven urban regions that comprise the entire county. Traps were placed in households and also outdoors, in the vicinity (Fig. 1) . Selection of neighborhoods was based on the occurrence of human cases and higher prevalences. In the Segredo region, these were Vila Nasser and Margarida; in the Prosa region, Veraneio; in the Bandeira region, Maria Aparecida; in the Central region, Amambaí. Because the prevalence of human cases was highest in the Anhanduizinho region, as many as five of its neighborhoods were selected-UFMS, Guanandy, Aero-Rancho, Centená-rio, and Centro-Oeste-as were the Caiobá, Tarumã, and São Conrado neighborhoods in the Lagoa region and Santo Antonio and Panamá in the Imbirussu region. Captures were carried out from 4 pm to 7 am for four consecutive days each month, from October 2005 to September 2006, using CDC-type light traps (8 traps per neighborhood, accounting for 128 traps per month). Identification of specimens was based on Galati (2003) . Females were preserved in tubes containing 70% ethanol; engorged ones (as detected by visual inspection) were selected for DNA extraction. Males were stored in the entomology laboratory of the Center for Zoonosis Control in Campo Grande.
DNA extraction
Lutzomyia longipalpis females were grouped as 1-to 4-specimen pools, depending on neighborhood, capture site (indoors or in the vicinity of households), and month of capture (Table 2) . Extraction was performed using DNAzol kit (Invitrogen, Karlsruhe, Germany), as follows: homogenization of 0.1 lL of sample material and 1 lL DNAzol, 10-min centrifugation at 12,000 rpm, collection of supernatant, precipitation of supernatant with 500 lL 75% ethanol, second 10-min centrifugation at 12,000 rpm (supernatant discarded), and addition of 30 lL 8-mM NaOH.
DNA amplification
Amplification was carried out according to Michalsky et al. (2002) . DNA was amplified in a Mastercycler Personal thermal cycler (Eppendorf, Hamburg, Germany). The assay material was prepared using a mixture of 10 lL PCR buffer (100-mM Tris-HCl, 500-mM KCl, 15-mM MgCl 2 , pH 9.0), 5 lL dNTPs (all of them 2 mM), 2 lL of each primer (200 ng/lL), 0.5 lL Taq DNA polymerase (2.5 U/lL), and 26.5 lL ultrapure water. Two microliters of DNA (10 ng/lL) were added to each assay. DNA amplification was carried out as described. For Leishmania spp.: primers 5 0 -GGG GAG GGG CGT TCT GCG AA-3 0 , 5 0 -CCG CCC CTA TTT TAC ACC AAC CCC-3 0 , and 5 0 -GGC CCA CTA TAT TAC ACC AAC CCC-3 0 ; thermocycling: 95°C for 5 min, followed by 35 cycles of denaturation (95°C; 1 min), annealing (60°C; 1 min), and extension (72°C; 1 min), with a final extension at 72°C for 7 min. For the L. braziliensis complex: primers B1 (5 0 -GGG GTT GGT GTA ATA TAG TGG-3 0 ) and B2 (5 0 -CTA ATT GTG CAC GGG GAG G-3 0 ); thermocycling: 95°C for 5 min, followed by 35 cycles of denaturation (95°C; 1 min), annealing (55°C; 1 min), and extension (72°C; 1 min), with a final extension at 72°C for 7 min. For the L. mexicana complex: primers M1 (5 0 -CCA GTT TCG AGC CCC GGA G-3 0 ) and M2 (5 0 -GGT GTA AAA TAG GGG CGG ATG CTC TG-3 0 ); thermocycling: 95°C for 5 min, followed by 35 cycles of denaturation (95°C; 1 min), annealing (59°C; 1 min), and extension (72°C; 1 min), with a final extension at 72°C for 7 min. To identify the L. donovani complex, the samples were also subjected to amplification using primers AJS31 (5 0 -GGG GTT GGT GTA AAA TAG GGCC-3 0 ) and DBY (5 0 -CCA GTT TCC CGC CCC GGA G-3 0 ); thermocycling: 95°C for 5 min, followed by 40 cycles of denaturation (95°C; 1 min), annealing (61°C; 1 min), and extension (72°C; 1 min), with a final extension at 72°C for 8 min (Reithinger et al., 2002) . They were also subjected to amplification using primers RV1 (5 0 -CTT TTC TGG TCC CGC GGG TAG G-3 0 ) and RV2 (5 0 -CCA CCT GGC TAT TTT ACA CCA-3 0 ); thermocycling: 94°C for 4 min, followed by 40 cycles of denaturation (94°C; 1 min), annealing (59°C; 1 min), and extension (72°C; 1 min), with a final extension at 72°C for 7 min (Lachaud et al., 2002) .
DNA controls for all three Leishmania species were provided by the Laboratory of Leishmaniases of Centro de Pesquisas René Rachou-Fiocruz (Belo Horizonte, Brazil)-namely, L. chagasi (MHOM/ BR/74/PP/ 75), L. braziliensis (MHOM/BR/75/M2903), and L. amazonensis (IPLA/ BR/67/PH8) strains.
DNA electrophoresis
Amplification products were separated in 2% agarose gel (6.4 cm Â 10 cm) (Lachaud et al., 2002) in PBE buffer (0.089-M Tris-HCl, 0.089-M boric acid, 0.02-M EDTA) under 100 V for 30 min. Bands were visualized under UV after ethidium bromide staining. The gel was documented using a photographic system.
Minimum infection rate
Because the specimens were pooled, a minimum infection rate (MIR) for the insects was calculated as: MIR = number of positive groups Â 100/total number of insects (Paiva et al., 2006) .
Results
Of the 1174 phlebotomine specimens captured, 203 (17.29%) were females and 971 (82.71%) males, with a mean capture rate of 0.76 phlebotomines per trap. Species distribution by month and sex is shown in Table 1 . The species collected were Brumptomyia brumpti, L. longipalpis, Micropygomyia longipennis, Nyssomyia whitmani, Psathyromyia shannoni, and Sciopemyia sordellii. L. longipalpis predominated, accounting for 99.15% of the phlebotomines captured. One hundred and five naturally fed L. longipalpis females were set aside for DNA extraction for investigation of Leishmania protozoans. In the wetter months, as many as 778 specimens (66.3%) were collected; in the drier ones, 396 (Table  1) . Densities were highest in the Panamá, Tarumã, and São Conrado neighborhoods, which jointly accounted for 66.6% of all specimens collected. More phlebotomine specimens were captured in the vicinity of households (822; 70%) than indoors (352) ( Table 3) .
The primers used by Michalsky et al. (2002) for Leishmania spp. were applied to the 38 DNA groups extracted from the insects. Amplification occurred in one 2-specimen and one 3-specimen sample, yielding a product of around 120 base pairs (Fig. 2) . The specimens pooled into these two samples had been captured indoors in the Tarumã neighborhood ( Table 2 ). The same samples amplified DNA when RV1-RV2 primers were used (Lachaud et al., 2002) , showing a product of around 145 base pairs (Fig. 2) .
Primers B1-B2 and M1-M2, which correspond to the Leishmania braziliensis and Leishmania mexicana complexes, respectively, failed to produce amplification. The same occurred when primers AJS31 and DBY, for the Leishmania donovani complex, were used.
Discussion
Population density was highest for L. longipalpis in the 16 neighborhoods investigated, accounting for 99.15% of the phlebotomines captured. The species predominates also in other Brazilian counties, such as Jequié (Dias-Lima et al., 2003) , Belo Horizonte (Souza et al., 2004) , and Montes Claros (Monteiro et al., 2005) , at 98.95%, Fig. 2 . Results of PCR amplification using primers for the genus Leishmania (2% agarose gel electrophoresis) (Michalsky et al., 2002) , yielding a product of around 120 base pairs. 1, negative control; 2, positive control; 3 and 4, positive samples; 5, molecular markers and primers for L. donovani sensu lato (Lachaud et al., 2002) ; 6, positive control; 7 and 8, positive samples yielding a product of around 145 base pairs. Arrows indicate base pair numbers in the marker. 68.23% and 74.1%, respectively, of the total number of specimens captured.
In the Tarumã neighborhood, where the two samples positive for the Leishmania complex were collected indoors, as many as 342 dogs (31.8% of 1077) tested positive in the same year. Five human cases were reported (Campo Grande, 2007) . The minimum rate of infection by Leishmania in phlebotomines was 1.9.
Another species of epidemiological importance was N. whitmani, vector of Leishmania (Viannia) braziliensis (Gontijo and Carvalho, 2003) , previously found by Oliveira et al. (2006b) at low density in a residential area (two specimens) and at a higher density in a forested area (11 specimens). In the cases of tegumentary leishmaniasis notified in Campo Grande, infection probably took place in the rural areas of other counties, though the possibility of infection within the city's urban area cannot be ruled out.
Additional species identified were B. brumpti, M. longipennis, P. shannoni, and S. sordellii, none of which have thus far been implicated as Leishmania vectors.
A male-to-female ratio of 4.8:1 was found for L. longipalpis, whereas other studies revealed ratios of 3.6:1 in the same county and 4.1:1 in Varzelândia, Minas Gerais (Dias et al., 2007) . Most captures occurred in the vicinity of households (69.76%), but in two pools comprised of two and three Leishmania-positive specimens the insects were captured indoors, in Tarumã (Lagoa region), one of the neighborhoods where cases in humans and dogs are in high numbers. Michalsky et al. (2002) evaluated the use of PCR to detect the presence of Leishmania sp. in L. longipalpis and Lutzomyia migonei. Infection was experimental and the samples subjected to PCR came from the same specimen. For studies on natural infection, some investigators have chosen to operate with pools comprised of 2 to 12 insects (Jorquera et al., 2005) , 10 (e.g., Oliveira-Pereira et al., 2006) , or 1 to 17 (e.g., Paiva et al., 2006) .
In the present study, it was not possible to identify the Leishmania complex who's DNA was amplified from the material obtained from phlebotomines, although DNA amplification with primers led to identification of the genus Leishmania. Reithinger et al. (2002) showed that amplifications with primers AJS31 and DBY were feasible for the L. donovani complex. In the present investigation, the proportion of positive samples identified by PCR varied considerably among phlebotomines, suggesting that PCR sensitivity may be dependent on parasite load.
Primers RV1-RV2 targeting the highly repetitive kinetoplast DNA for L. donovani sensu lato (L. infantum, L. chagasi, and L. donovani) proved extremely sensitive, detecting 0.2 to 1 parasite per mol of blood in the assays performed by Lachaud et al. (2002) . The present assay, in addition to identifying genus in two amplified samples (Reithinger et al., 2002 )-as also achieved using primers RV1-RV2-yielded a higher degree of detail, allowing samples to be identified as belonging to visceral leishmaniasis agents (Lachaud et al., 2002) . It can thus be hypothesized that in the present study, PCR sensitivity was high enough for genus identification and for L. donovani sensu lato, but failed to produce amplification when primers AJS31 and DBY were used to identify the L. donovani complex.
In the present study, the rate of natural infection of phlebotomines, as revealed by PCR (1.9%) was similar to that determined by Oliveira-Pereira et al. (2006) , of 0.8% for N. whitmani in the northern state of Maranhão, and to that of 3.9% reported by Paiva et al. (2006) for Leishmania (Leishmania) chagasi and Leishmania (Leishmania) amazonensis. Nascimento et al. (2007) focused on data on phlebotomines from three indigenous villages in the rural area of Antônio João County, located on the border between Brazil and Paraguay, 301 km away from Campo Grande. This investigation instead was conducted in Campo Grande, within the urban perimeter of a county with a population of 765,247. Campo Grande, the capital city of the state of Mato Grosso do Sul, has been since 2002 an area where transmission rate is high, characterizing an epidemic situation, with 165 confirmed human cases and 11 deaths, in addition to a 16% seroprevalence rate in dogs in 2007, for an estimated canine population of 118,200 in that year. The areas focused in each study not only represent very different realities; Campo Grande has been playing an ever-increasing role as a corridor for social and commercial relations in South America (Mato Grosso do Sul, 2007) .
The fact that phlebotomines carrying the parasite were collected indoors in a region where human cases of the disease have occurred and seropositive dogs have been found suggests that transmission may be taking place also indoors. Measures for the control of these phlebotomines should therefore be improved.
